The problems of industrial efficiency and fatigue offer increasing scope for the use of that special knowledge of human life with which medical men are equipped by their training. Success and prosperity of industry depend as much on health and efficiency of workers as on the efficiency of machines. Impetus given by European War to study of this human factor; national necessity led to establishment of Health of Munition Workers Committee which later developed into the Industrial Fatigue Research-now the Industrial Health Research-Board of the Medical Research Council. In Germany extensive investigations are now pursued at the Kaiser-Wilhelm Institut fur Arbeitsphysiologie, at Dortmund, into such problems as relationship of age to capacity for heavy muscular work, influence of diet and nutrition on human efficiency, and optimum height of stairs up which loads have to be carried; new system of training apprentices developed in Germany since the war.
scientists are finding in the human problems of industry increasing scope and deman(d for that special knowledge of human life with which their training equips them.
The success and prosperity of industry depend as much on the efficiency of the workers as on that of the machines. The machines can only work and maintain maximum efficiency if their pace coincides with the optimum physiological pace of the operatives for the manual and mental oper&tions involved. It is quite conceivable that the design and pace of a machine may so cramp the operative, or force him to work at such a speed, that the efficiency which the machine gains from an engineering point of view, the factory loses in human efficiency, by sickness, lost time or increased labour turnover. Industrial efficiency is, therefore, as much a problem of physiology and preventive medicine -as of engineering or organization or business management. The psychological problems of industry are also of great importance, but in many cases these arise or become acute because the physiological requirements of the workers have been lost sight of or disregarded by the workers themselves or by the management. Speaking generally, the separation of the human problems of industry into psychological and physiological compartments is unsound; both are parts of one science and the most intimate liaison must be maintained between the specialized workers in each if the maximum of service is to be rendered by medical science to the great body of industrial workers. In this country the National Institute of Industrial Psychology fortunately combines physiological and psychological methods in its investigations of problems arising in factories. This institute pays particular attention to the FEB.-EPID. 1 questions of vocational selection and vocational guidance. The fitting of square pegs into square holes is of the utmost importance to both the workers and the factory.
The study of the efficiency and fatigue of industrial workers received the stimulus of necessity during the European War when it soon became apparent that the demands for munitions could only be met if the human machines were properly looked after, in addition to being adequately paid. The Health of Munition Workers Committee was established, and in 1916 recommended that proper organization of medical services in factories was essential not only for the health of the operatives, but in order to secure improved production and output by preventing loss of time and efficiency among the workers.
Towards the end of the war the Health of Munition Workers Committee ceased to exist, and in its place a Research Board was appointed (in July, 1918) "To suggest problems for investigation and to advise upon or carry out schemes of research referred to them from time to time by the Medical Research Council, undertaken to promote better knowledge of the relations of hours of labour and of other conditions of employment, including methods of work, to functions of the human body, having regard both to the preservation of health among the workers and to industrial efficiency; and to take steps to secure the cooperation of industries in the fullest practical application of the results of research work to the needs of industry."
The name has recently been changed to the Industrial Health Research Board, and in this country this is the organization which has the responsibility of placing the resources of medical science at the disposal of industry. The problems of the health, efficiency and comfort in work of the employees in industry must be seriously regarded and earnestly pursued if the prosperity and happiness of labour in England is to be secured, and if this na.tion is to hold its own in industrial competition with other countries.
Since the war there has been a great forward movement in Germany in the application of medical science, particularly physiology, to the problems of labour, and there are signs of an awakening in Russia, which seems to be following Germany in this direction. The organization responsible for progress in Germany is the Kaiser-Wilhelm Gesellschaft, under the auspices of which the Kaiser-Wilhelm Institut fur Arbeitsphysiologie was established at Berlin. The work of this institute has for many years been directed by Professor Dr. Edgar Atzler.
A few years ago it was felt that this institute for the study of the physiology of labour should be located in the industrial area, and a competition between industrial towns was organized, with the result that early in 1929 the institute was transferred to Dortmuild in Westphalia in the heart of the iron and steel industries.
The industries in the vicinity of Dortmund subscribed the necessary capital, about £60,000, for the construction of the new building, which is rather like a large modern factory in appearance, and very well equipped for physiological, psychological and biochemical research. Professor Atzler has gathered round him an able and enthusiastic team of workers, medical men, physicists, engineers, psychologists and biochemists. The research work carried out there deals with such problems as human efficiency for heavy muscular work at different ages; the effect of arteriosclerosis on efficiency; the influence of nutrition and diet on efficiency; the optimum weight and frequency of stroke of hammers; the optimum position of levers and hand wheels for controlling machines; the optimum height of steps of stairs up which loads have to be carried, and other problems. One large room at the institute is devoted to the exhibition of diagrams and models for the instruction of works engineers and foremen. In this a beautifully-modelled series shows the result of a research on men drawing trucks with handles at varying heights, and another series depicts the results of one of the researches of the Industrial Fatigue Research Board, namely, the work of Miss Bedale in Professor Cathcart's Laboratory at Glasgow, on the efficiency of women carrying loads in various ways.
The XIIIth International Physiological Congress at Boston, Mass., in August, 1929, offered a great opportunity for close contact to be established between German, American and English workers in this field: contact which, it is hoped, will lead to a continuous interchange of ideas, for in thi*s study, as in medicine, there are no boundaries of nation or race; the problems are human problems of health and comfort. Now to turn to the consideration of the factors which influence the working capacity or efficiency of employees-factors which influence fatigue, for fatigue may be defined as a diminution in capacity for doing work. First, perhaps, in order of importance, certainly from the point of view of efficiency in industry as a whole, comes the question of the nutrition of the workers-their standard of living. The experience of Germany during the war is of considerable interest in this connection. In the early part of the war the bread ration in Germany was reduced by cutting down the allowance of flour per head of population. English physiologists who were considering the problems of the food supply of the United Kingdom, predicted that this reduction of the bread ration in Germany would either lead to calamity or have to be discontinued, and their view was amply justified. An adequate supply of bread, above all other foodstuffs, is essential for industrial efficiency, because it forms the main source of energy for the industrial worker. Roughly speaking, compared with the middle classes, the manual worker in industry normally consumes twice as much bread per week. The consumption may be as high as 10 lb. per head per week. The average consumption per head of population is of the order of 5 lb. per week, and if a rationing order suddenly reduced this to 3 lb. per head per week without discriminating between the average and the requirements of the industrial worker, it is clear how severely the latter would be hit. The requirements of the worker vary with the muscular effort involved in his work and unless he has enough food for his basal needs as well as for his work, either he will not do so much work, or if he does, he will do so at the expense of his own tissues, and sooner or later his health will suffer and forcibly reduce his output of work. The bread supply of this nation must be liberal if industrial efficiency is to be maintained. Practically no other food is as cheap a source of energy as bread, and it must remain so.
The individual problem-as well as the general problem-of the nutrition of the industrial worker must be considered. For the ordinary physiological processes of life, muscular action of the heart, respiration, glandular activity, maintenance of body temperature, there are basal requirements of energy which cannot be avoided by anyone. In the average adult man these requirements amount to about 1,700 calories per day even though he is asleep in bed. If he is up and about although doing no work he will need at least a further 300 calories. If he does moderate muscular work he will need an additional 1,000 calories, making 3,000 calories per day the minimum requirement. Suppose now, either by rationing of food stuffs or bad household catering, the calories he receives in his food are reduced by one-fifth, so that he receives only 2,400 calories. Let us examine the effect on his capacity for doing muscular work. If he is to maintain his weight and health he will need at least 2,000 calories, which leaves 400 for the muscular work for which he requires 1,000. This means that his capacity for doing work will fall from the physiological work equivalent of 1,000 calories to that of 400, in other words, there will be a 60 per cent. diminution. From these figures it is clear how serious a matter rationing, or bad household feeding may be to the manual worker and to industry. Industrial efficiency would be helped by education of the wives of many workers in the best ways to spend the food allowance for the family.
Apart from considerations of the food requirements of the manual worker, there are many other factors which influence his working capacity. These have been conveniently grouped by Wyatt into two general classes: intra-factory conditions, including ventilation, temperature and lighting; and extra-factory conditions, under which heading come such factors as health, housing and habits. A good deal of work has been done on many of these factors, both in this country and in America, but a great deal remains to be done before it will be possible to prescribe a code of living and working which. will ensure that the worker is given full opportunity of optimum performance from the point of view both of daily production and of life production. It would be interesting to know whether the methods of speeding-up production, which are more commonly employed in America than in this country, namely, the conveyor systems which set the pace for the worker throughout the working day, are good or bad for him from the point of view of the duration of his efficient working life. It is possible that Mr. Ford by employing a five-day week, has found a means of compensating for increased daily effort and monotony.
In regard to the intra-factory conditions of temperature and ventilation, which includes humidity and air-inovement, Professor Leonard Hill has developed a method of assessing these variables in one measurement, namely, the cooling power of the air as measured by his katathermometer. Investigators of the Industrial Fatigue Research Board, Vernon and Bedford, have determined by observations in a number of factories the cooling powers agreed to be comfortable or otherwise by workers when doing sedentary work, or light, or heavy, manual work, and these standards are useful when assessing the atmospheric conditions in factories or works generally.
In America a different method of assessing is adopted, namely, the "effective temperature scale." This system was largely due to the work of Mr. C. P. Yaglou, who is now working with Professors Cecil and Philip Drinker, at the Harvard School of Public Health, where problems of human efficiency at various temperatures and humidities are being studied at the present time. Such work is done in a specially constructed room in which it is possible to produce temperatures ranging from freezing to 160 Fahrenheit and almost any degree of humidity or air movement. The subjects of these experiments perform a measured amount of work on a stationary bicycle ergometer and their reactions, pulse-rate, blood-pressure, respiration, body temperature, sweating, and metabolism are determined. On the "effective temperature scale" the actual conditions of the air as regards dry and wet bulb temperature and air movement, are combined in one figure which represents the actual temperature which saturated still air would have to possess in order to produce the same sensation of comfort or discomfort in human beings. The desirable cooling power, or effective temperature, of the air varies with the nature of the occupation-a greater cooling power or lower effective temperature being recommended the heavier the work performed.
Certain American firms spend a great deal of money and effort on the health and welfare of their workers inside and outside the factories, and it pays them to do so, for it reduces the loss of time due to accident and sickness. Such care also decreases labour turnover by making the employees more contented, while careful medical examination prevents new workers being given-or old employees being allowed to continue-work for which they are unfitted. By "labour turnover " is meant the rate of change of working staff. The more skilled the work, the more serious is the loss of a worker to the factory. Mr. Ford has partially overcome this difficulty by splitting up the manufacture of his motor-cars into thousands of operations. Each operation by itself is a relatively simple affair which can be learnt in a very few minutes by a new employee, and in a very short time he can acquire sufficient skill to carry out the task within the time permitted by the conveyor belt. The loss and replacement of a worker is not such a serious matter under this system, for it costs relatively little to educate the new employee in his job. Such a system as Mr. Ford 483.
has evolved is capable of providing a means of livelihood for a vast number of ablebodied men who possess little skill or even natural ability, while, at the same time, as a team they work very efficiently. Housing schemes, model dwellings, automobiles purchased out of wages on the instalment system, as at Ford's worksall such things tend to reduce labour turnover by making the extra-faotory conditions of life easier for the workers, and comfort in the home is reflected in efficiency and contentment in the factory. The medical men attached to these factories advise on such questions, and maintain contact with the actual working conditions in the workshops in addition to treating employees when they come up to the factory hospital. -Factory medical officers have to study, in particular, how time may be saved in dealing with cases. "Time is money" both to the piece-rate worker and to the works. At the Norton Engineering Works at Worcester, Mass., Dr. Irving Clark, the medical officer in charge of the Service Department, has paid particular attention to labour-saving and time-saving devices and routine. In passing, a few of these devices may be mentioned, for example, chairs with arm-rests at a convenient height for the nurse or doctor to dress hand injuries without stooping or requiring the patient to stand up; small breadboards on which strips of adhesive plaster of varying size are affixed ready for immediate applicatiorl; chairs with sliding leg-rests which can be drawn out when necessary, and other devices which would probably be of use and save time in the crowded casualty departments of some of our London hospitals. In addition to maintaining efficient medical service in the factory, some of these whole-time factory doctors are pursuing research into the incidence of sickness, and on the early signs of disease. They have unique opportunities for suclh investigations, as they deal with relatively stable populations of several thousand persons always under observation. At some works, such as those of the General Electric Company at Lynn, near Boston, individuals with special training and ability are occupied solely in studying the employees at their work and seeing how fatigue can be reduced; for example, by enabling them to adopt a comfortable posture at the work bench or improving the illumination of their work. In regard to visual fatigue, a very interesting and useful investigation was recently carried out by Weston and Adams for the Industrial Fatigue Research Board. The occupation studied was that of linking in the hosiery industry. They showed that the efficiency of the workers could be improved and fatigue lessened by the use of suitable glasses.
In regard to problems of heavy muscular work, it must be fully recognized that the actual amount of energy expended is not in itself a measure of the fatigue which will be produced. The way the energy is expended, whether it is used in static or dynamic effort, must be taken into account. It is, however, true to say that the onset of fatigue is delayed if the work is so arranged that with the expenditure of minimum energy the maximum performance is produced. The expenditure of energy oT the worker for doing work in various ways or at varying rates can be measured, and it is therefore possible to determine the most economical method of working from the point of view of energy consumption. This is done by measuring the oxygen consumption of the worker at rest and during an equal period of time at work, the difference being the oxygen cost of the work which is directly proportional to the energy expenditure of the individual for the work performed. The method used in this country is that of the Douglas bag and the Haldane gas analysis apparatus. This method has been used by Professor A. V. Hill in the investigation of many problems of human muscular effort, and can be readily employed in the study of the types of labour common in industry as, for example, carrying loads, wheeling barrows, or lifting weights.
There are, of course, many other aspects of industrial health, efficiency and fatigue which are of great importance, as, for example, the seasonal occurrence of epidemics or the special industrial hazards due to poisonous fumes and dusts, but with these I have not attempted to deal.
There are, however, two subjects in particular which I should like to mention very briefly. One is the question of the length of the working day, the other is the training of apprentices for industry. Both are factors which profoundly affect industrial prosperity through the influence which comfort and health in body and contentment in mind have on the workers' efficiency and will to work.
In regard to the first subject-the length of the working day-this problem became acute during the war, and, on behalf of the Health of Munition Workers' Committee, Dr. H. M. Vernon carried out an investigation in a factory where women were employed turning fuse bodies. He found that, with a seven-day week, comprising sixty-six actual working hours, the hourly output averaged 108 fuse bodies. When this was reduced to a 54 4 working hours per week, the hourly output rose to 131, while the total output per week remained practically unchanged. When, however, Sunday labour was abolished, and the actual working hours were reduced to 47 -5, the hourly output rose to 169, and the total output increased to 13% above the level of that in the seven-day week. As long ago as 1893, the firm of Messrs. Mather and Platt of Manchester showed that a reduction from fifty-four to forty-eight hours per week caused an increase in production and a decrease in lost time. It appears, therefore, that there is considerable justification for the advocacy of a forty-eight-hour week. Complete recovery after work is an essential requirement if the worker is to maintain his efficiency and health, and opportunity for this should be provided by the week-end break.
In regard to the second subject, namely, training for industry, a very common method of training apprentices is to draft them into the factory or engineering shop and place them under the guidance of a foreman or worker. In the evenings they are expected to attend classes at a technical school. The success of this system is rather a matter of chance. Since the post-war industrial crisis in Germany there has developed a new system of training apprentices for industry, the "Deutsches Institut fur technische Arbeitsschulung," known, for short, as "Dinta." This organization was started at Dusseldorf at the suggestion of an ex-officer of the Imperial German General Staff, Herr Arnhold, who insisted that interest and pride in work in the spirit of the ancient guilds must be cultivated and developed in industry if calamity was to be averted and industrial prosperity restored to Germany. He said that this could he achieved by reorganizing the system of training of apprentices for industry. Last July I had the opportunity of seeing the " Dinta" system at work at a large steel works at Gelsenkirchen, near Essen. -The apprentices under this system, boys of from 15 to 18 years of age, are not trained in the main works. They are drafted into self-contained little factories, each representing some section of the main works. They become shareholders in these little factories from their day of entry. They assess their progress towards efficiency by means of a system of cards. A card is given to them for each particular job and on it they reccrd the time taken to complete the work. On the card is printed the time taken by a skilled worker for the same piece of work. The apprentice can see from day to day bow he is progressing towards efficiency, and he can follow the part he is playing in the success of his particular little factory, for, each week, curves of output and turnover are posted. During their three years' course the apprentices pass, in miniature, through all the departments which make up the main worksmechanical shops, storekeeping, book-keeping, so that they acquire an understanding of the works as a whole, and, without question, they develop an interest in their work. The boys in the foundry at the steel works at Gelsenkirchen were like boy scouts round their camp fires. "Dinta" is in close touch with the institute at Dortmund, where problems of the physiology of labour are being investigated. This close liaison between medical science and industry proper, coupled with the spirit of " Dinta," is full of promise for future comfort, efficiency and happiness among the industrial workers and for industrial prosperity. I hope I have been able to show that there is ample scope for the application of medical science to the human problems of industry, and I feel sure that in this direction there lies a vast field of useful work to be done and of opportunities of service to the workers on whom the prosperity of a nation ultimately depends.
Discutssion.-Professor M. GREENWOOD (communicated): I am glad to say that the prospects of advancing knowledge seem brighter than they have been for some time. Not onty has the experience of the Industrial Fatigue Research Board supplied a basis of judgment as to the lines of inquiry likely to be profitable, but the opening of the London School of Hygiene and Tropical Medicine will enable us to offer facilities on the educational side which have hitherto been lacking. I have been officially connected with the work of the Industrial Health Board since its foundation, and one of the difficulties of the Board has always been the provision of academic instruction. First we were ignorant of the kind of instruction required and now we know that a sound training in the physiological principles and an intelligent grasp of the element of statistical methods are indispensable. But beyond that, it is increasingly borne in upon us that insight into what for lack of a better term I may call clinical psychology is a very important desideratum. I am becoming more and more convinced that an effective investigation of the major problems can only be made by young medically qualified persons who have had a special course of instruction.
I fear that Dr. Crowden may be a little too optimistic in the half-suggestion that a considerable proportion of the psychological problem of industry is secondary to the physiological problem. My own experience, which is now a fairly wide one, of the factors of lost time and minor incapacity in industrial establishments, leads me to put much more weight upon the psychological than the purely physiological elements. One of our difficulties as medical men in approaching psychological problems has been that during the last decade clinical psychology was a battle-ground of infuriated partisans, each satisfied that his piece of truth was the whole truth. This phase is passing away, and it has become possible to give academic instruction free from the particularism of sects. It was right and proper that at the beginning of investigation predominant importance should have been assigned to physiological methods. Now, however, emphasis should be given to the psychological side, without of course impeding the development of physiological work. There is certainly a danger of tempting young men and women, who have had no medical training, into this most difficult branch of investigation or, on the other hand, of allowing medical men and women to suppose that medical psychology is easy and that the perfunctory instruction which they may have received as undergraduates is sufficient for their needs.
The PRESIDENT (Colonel F. E. FREMANTLE) said that Dr. Crowden's paper represented the scientific measure of rationalization of industry. But in his investigation allowance had not been made for the factors of food, drink and clothing, factors known to be of first importance in athletics. Henderson Hunt, the physiologist, imbibed 8-gallons of water during a day's shooting through the jhils-a most severe form of exercise, in tropical heat. In contrast with his companions, who followed the tradition of not drinking, and were too much fatigued to continue in the afternoon, Mr. Hunt and a friend, drinking water freely, went on without any feeling of exhaustion to the end of the day. In Mesopotamia during the late War, the free drinking of cold water was encouraged, with consequent reduction of the incidence of heat-stroke, and increase of efficiency. The use of the katathermometer should be general; records of temperature or moisture alone were of little value. " Rate of cooling " depended also on the clothing; for without appropriate clothing, the air could have little cooling power. The human sentient body was the bestefficiency-testing machine, but scientific analysis of factors of efficiency was invaluable in the training of workers and foremen, and for the improvement of factory arrangements and guidance in administration and legislation. The Diploma of Public Health should be developed to include industrial medicine, and applied physiology should be taught to medical students. Crude statements as to efficiency of length of working day were of little value without relation to the nature of the work done.
Sir ANDREW BALFOUR outlined the part which the London School of Hygiene and Tropical Medicine hoped to play in teaching and research with respect to the problems of public health as related to industrial psychology.
Dr. N. HOWARD MUMMERY said that whilst reference was constantly made to work going on in America or Germany, too little interest was taken in the equally valuable work being done by medical practitioners associated with industrial factories in England, a.
considerable number of whom for some years past had been discussing these problems in the Council of Industrial Medicine now intimately associated with the Industrial Welfare Society.
Deductions from experiments on diet, rest pauses, etc., though excellent in the abstract, often proved impracticable on application in a busy factory. Progress in the management of the human element in industry was most successfully attained by education and example; drastic alterations were not welcomed by managers and did not promote output. Labour turnover was an extremely interesting aspect of the problem, but though its estimation was comparatively easy with a relatively stable factory population, it was very far from being easy when seasonal variations necessitated the temporary employment of large numbers of employees. Vocational selection in some degree was essential in a modern factory, and medical examination for the particular job proposed proved of the utmost value to the employer. The extra-factory conditions of employees, except in model factory villages, were largely governed by housing difficulties, and by the limitation of benefits, medical services and nursing under the National Health Insurance system, but much was being done in this direction by the sick visitor following up the employee in his home and by the provision of factory mnedical services and facilities for obtaining expert advice and convalescence. With regard to visual fatigue: Cylindrical plus spectacles appeared to assist emmetropic eyes when the work involved fixing the vision on one object, but the provision of such glasses was harmful when the work was concerned with several objects between which the eyes had to move. As an example of the efficiency of the trained manual worker and the skill that could be developed in certain processes, he might mention the occupation of making butter pats.
In the factory with which he was concerned these were miade by hand and, so far, no machine had been invented which could conlpete with manual labour at this work. The most skilful girl in the factory made 15,680 pats of butter in a working day of seven and a half hours; this represented 2,091 pats per hour. A machine for this work, which was at present under test, took, on an average, twenty-three minutes to make 640 pats, whereas by hand that number could be turned out in eighteen and a half minutes.
The conveyor system was, of course, largely used in factories, and provided its speed was adjusted to the capabilities of the average worker it should not involve any hardship, but rather prove a convenience. The Bedaux system was increasingly used in this country and from the medical point of view needed careful watching, as it was liable to cause the employee to work at the top of his bent throughout the hours of his employment.
Dr. J. D. ROLLESTON regretted that Dr. Crowden had not dealt with one inmportant factor which influenced the efficiency of the worker, namely, alcohol. In former times beer drinking among the workers used to be permitted in the belief that it encouraged alacrity and contentment, but careful physiological experiments had shown that prolonged use of alcohol in any form, even in small amounts, diminished efficiency, especially in work requiring any skill.
Dr. CROWDEN (in reply) said that with regard to clothing it had been found necessary to make two distinct effective temperature scales, one for normally clothed individuals and one for workers stripped to the waist.
The intake of fluid by individual workers under conditions of great heat had not been taken into account when assessing the effect of various cooling powers of the air on efficiency, but the question of the water requirements of such workers was investigated by Professor Haldane, who recommended the drinking of dilute salt solution to make up for the fluid and sodium chloride lost in the sweat. He agreed that the workers would decide for themselves for or against a method of working according to their own personal sensations. The best we could do was to give the learners-the apprentices to industry-opportunities of trying for themselves methods which appear to be best from the physiological and psychological points of view. He agreed that the optimum length of the working day was influenced by the nature and conditions of the work. It was easier to work in the open air setting one's own pace than it was in a factory where temperature and ventilation were an additional strain and where the pace of working was set by the machines. He knew that in many factories close attention was given to the welfare of the workers iniside and outside the factory, but in his paper he had rather avoided home conditions and dealt with certain aspects of industrial efficiency and fatigue which might, to a certain extent, be new information.
With reference to the question of alcohol, in relation to industrial efficiency, he was eonvinced that for the average individual worker and for industry prohibition had been a good thing in America.
